Background The safety of surgery for gastric cancer in the elderly has been shown previously. However, potentially fatal complications based on an established severity grading system were not well described, and associated risk factors have not been assessed. The present study sought to examine severity-dependent postoperative complications after laparoscopy-assisted distal gastrectomy (LADG) in elderly patients and risk factors of potentially fatal postoperative complications. Methods The study included 189 patients aged 70 years or older and who underwent LADG for early gastric cancer. Patient characteristics, perioperative outcomes, postoperative complications including severity assessment using the Clavien-Dindo classification, and risk factors related to postoperative complications were analyzed. Results The overall complication rate was 24.9 % (47/189). The most frequent complication was abdominal fluid collection (9 cases, 4.8 %). Severe complications classified as grade III or above in the Clavien-Dindo grading system were found in 20 (10.6 %) patients. Multivariate analysis identified preoperative serum albumin concentration (odds ratio, 5.200; 95 % CI, 1.706-15.850), Roux-en-Y reconstruction (odds ratio, 3.611; 95 % CI, 1.103-11.817), and simultaneous cholecystectomy (odds ratio, 5.008; 95 % CI, 1.378-18.201) as independent predictors of a higher rate of severe postoperative complications after LADG in elderly patients. Conclusion The incidence of severe complications after LADG in the elderly was quite acceptable considering the risks associated with radical surgery with extensive lymphadenectomy. Preoperative serum concentrations of albumin (\4.0 g/dl), Roux-en-Y reconstruction, and simultaneous cholecystectomy are independent risk factors for severe postoperative complications in these patients.
Introduction
Several recent studies on open gastric surgery have shown that gastrectomy in the elderly is safe and that, because of improved surgical techniques and perioperative management, old age alone should not be a contraindication to surgery [1] [2] [3] .
In Japan and Korea, the superiority of laparoscopyassisted gastrectomy (LAG) for early gastric cancer compared with conventional open gastrectomy has been confirmed by both randomized and nonrandomized clinical studies, with advantages including less intraoperative bleeding, less pain, and shorter postoperative hospital stays [4] [5] [6] [7] [8] [9] [10] [11] [12] . Reported postoperative complication rates are comparable between LAG and conventional open gastrectomy cases.
In contrast, laparoscopic surgery usually requires a pneumoperitoneum, which can disrupt respiratory or cardiovascular performance during the operation [13] [14] [15] , and these effects could be more significant in elderly patients with a higher likelihood of preoperative comorbidities and reduced functional capacities [16, 17] . Although several studies found no significant difference in the incidence of postoperative complications between elderly and younger patients undergoing LAG [18] [19] [20] [21] , severity of complications was poorly defined in most of these studies.
This study therefore sought to analyze postoperative complications after LADG in elderly patients using the Clavien-Dindo severity grading system and to examine the risk factors for these complications relative to severity.
Patients and methods

Patient clinical data
From April 2005 to March 2010, 1001 patients underwent LAG for gastric cancer with curative intent in the Department of Gastroenterological Surgery, Cancer Institute Hospital, Tokyo, Japan. Of these, 280 were aged 70 years or older and 189 underwent LADG. For each patient, surgery was either performed or supervised by one of two experts in laparoscopic surgery. The study was approved by an Institutional Review Board. All enrolled patients provided written informed consent.
Clinical classification of tumor depth (cT) and nodal involvement (cN) was determined by preoperative evaluations, including barium radiography, upper gastrointestinal tract endoscopy, computed tomography, and endoscopic ultrasonography. All tumors were diagnosed histologically as adenocarcinomas. Preoperatively diagnosed intramucosal or submucosal carcinoma without lymph node metastasis (cT1, cN0) was designated as suitable for LADG.
Preoperative evaluation of general condition
We examined the results from chest X-rays, laboratory tests, electrocardiogram (ECG) readings, and respiratory function tests using spirometry in all patients to assess preoperative cardiopulmonary function and other comorbidities. Patients were classified according to the American Society of Anesthesiologists (ASA) Classification of Physical Status guidelines so that patient comorbidity could be assessed objectively. Neither LAG nor conventional open gastrectomy was indicated in our hospital for patients with cardiac (greater than New York Heart Association class I), pulmonary (greater than Hugh-Jones grade III), hepatic (Child classes B and C), or renal insufficiencies consequent to a lack of adequate support from specialists in these fields.
Surgical procedures
LADG was performed under a pneumoperitoneum that was created by injection of carbon dioxide (10-12 mmHg). However, an intraperitoneal pressure of 8 mmHg was sometimes selected if a lower cardiopulmonary reserve was expected. A total of five ports (each 5-12 mm) were inserted, and LADG with perigastric and suprapancreatic lymph node dissection was conducted as reported previously [22] [23] [24] [25] [26] . Extracorporeal reconstruction was performed using a 4-to 5-cm upper midline incision with Billroth-I reconstruction after LADG. Alternatively, intracorporeal reconstruction was performed with Roux-en-Y reconstruction if the remnant stomach was too small to enable Billroth-I reconstruction.
The following parameters were recorded: patient age and gender, body mass index (BMI), ASA physical status (ASA-PS), peripheral blood count and biochemical findings, nutritional status, tumor characteristics, operation time, estimated intraoperative blood loss, postoperative complications, and length of postoperative hospital stay. BMI was calculated using preoperative physical measurements, and the severity of complications was graded using the Clavien-Dindo classification of surgical complications [27, 28] . In this study, complications of grade I or above in the Clavien-Dindo classification were defined as overall complications.
Statistical analysis
All data are presented as mean ± standard deviation. Factors that might affect postoperative complications were evaluated by univariate and multivariate logistic regression analysis. Statistical analyses were performed using SPSS version 11.0 (SPSS, Chicago, IL, USA). Significance was established at P \ 0.05. Table 1 summarizes the patient characteristics. Of the 189 patients, 121 (64.0 %) patients had preoperative comorbidities classified as ASA-PS class 2 or 3. Past history of abdominal surgery including appendectomy was observed in 54 (28.6 %) patients.
Results
Clinicopathological findings
Perioperative outcomes
Postoperative short-term outcomes are listed in Table 2 . Among 20 patients who underwent simultaneous cholecystectomy, 12 had gallstones, whereas the other 8 patients
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had normal gallbladders and underwent cholecystectomy to prevent gallstone formation or cholecystitis.
Postoperative complications
Postoperative morbidity and mortality outcomes are listed in Table 3 . The overall complication rate was 24.9 % (47/189), with the most frequent complication being abdominal fluid collection including pancreatic fistula (9 cases, 4.8 %). Complications classified as grade III or above in the Clavien-Dindo grading system occurred in 20 (10.6 %) patients. No postoperative mortality was observed in this study. The most frequent severe complication was anastomotic or stump leakage (5 cases, 2.7 %) and anastomotic stricture (5 cases, 2.7 %).
Risk factors of postoperative overall complications
Overall complications after LADG in the elderly correlated significantly with age (75 years old or more), preoperative comorbidity (ASA-PS class 2 or 3), preoperative serum albumin (less than 4.0 g/dl), and preoperative serum prealbumin (less than 22 mg/dl) by univariate analysis (Table 4) . Multiple logistic regression analysis identified ASA-PS (odds ratio, 2.754; 95 % CI, 1.207-6.284; P = 0.016) and preoperative serum albumin (odds ratio, 2.224; 95 % CI, 1.089-4.538; P = 0.028) as the independent predictors of a higher postoperative complication rate (Table 5 ). Preoperative serum prealbumin was not used in multivariate analysis because of the possible strong correlation with preoperative serum albumin concentration.
Risk factors of postoperative severe complications
Subgroup analysis of severe postoperative complications was performed in the same way. Preoperative serum albumin concentration (less than 4.0 g/dl) and simultaneous cholecystectomy were significantly correlated by (Table 5 ). Location of the tumor was not used in multivariate analysis because of the possible strong correlation with reconstruction method.
Discussion
Several previous studies indicating the feasibility of LAG in the elderly concluded that LAG produces an incidence rate of postoperative complications in the elderly similar to that in younger patients [18] [19] [20] [21] . However, the definition of complication severities after LAG in the elderly was not strictly defined in these previous reports. Severe postoperative complications can easily become fatal in elderly patients as the result of age-related decline in immune functions, which could increase the prevalence and severity of infectious diseases in elderly patients [29] [30] [31] [32] . Therefore, we analyzed postoperative complications depending on their severity and studied risk factors for severe complications in elderly LADG cases. The incidence of complications classified as grade III or above in the Clavien-Dindo grading system was approximately 10 % in our cohort. This rate was relatively low and satisfactory compared with previous studies [18, 19, 21] , especially considering that we performed radical surgery involving modified D2 lymph node dissection with curative intent. Median postoperative hospital stay (range) was 11 (7-55) days, which did not seem to be different from previously reported postoperative stay after LADG in all age groups, although statistical analysis was not performed [33] .
Reported risk factors for complications following extended lymphadenectomies for gastric cancer are age, operation time, total gastrectomy, and pancreatectomy [34] . In this study, we identified ASA-PS (class 2 and 3) and preoperative serum albumin (\4.0 g/dl) as independent risk factors of overall complications with LADG in elderly patients. We also identified preoperative serum albumin (\4.0 g/dl), Roux-en-Y reconstruction, and simultaneous cholecystectomy as independent risk factors of complications classified as grade III or above in the Clavien-Dindo system. A feature of the Clavien-Dindo classification is that different risk factors could be identified for complications of different severity in the same population. We did not include surgical experience as a variable in the analyses although it is reported to be one of the independent risk factors of postoperative complication in LAG [35] . The reason for this non-inclusion is that operator selection is a potential risk of bias because difficult cases tended to be operated by experts and some of the relatively easy cases are done by trainees, particularly in this cohort. ASA-PS classification is a reported predictive factor of postoperative complications after major abdominal surgeries for colorectal and pancreatic disease [36] [37] [38] . ASA-PS class 2 defines ''a patient with mild systemic disease'' such as controlled hypertension, diabetes without systemic effects, and cigarette smoking without chronic obstructive pulmonary disease [39] . The results of this study suggested that such a mild comorbidity could be a risk factor for postoperative complications, specifically in elderly patients with reduced functional capacities.
Preoperative albumin level is recognized as the best predictor of postoperative morbidity and mortality in various kinds of operations [40] [41] [42] [43] . Prealbumin, also known as transthyretin, is a rapid-turnover protein that could provide a sensitive indicator of nutritional status [44, 45] . In elderly patients, major surgeries under the condition of poor nutritional status could be fatal. To prevent the postoperative complications conferred by a malnutrition status in the elderly, pre-or postoperative immune-nutritional therapy for LADG would be an interesting topic for future study.
We previously reported that Roux-en-Y reconstruction in LADG is an independent risk factor for complications classified as grade III or above for all ages [33] . Roux-en-Y reconstruction in LADG was thought to confer the potential for complications such as internal hernia, duodenal stump leakage, and stricture of the jejunojejunostomy if some procedures to prevent these complications were not applied. In other words, they are regarded as preventable if the potential risks are understood and prophylactic procedures such as closure of mesenteric defects, invagination of the staple line of the duodenal stump, and temporary intracorporeal fixation of the jejunojejunostomy before extracorporeal jejunojejunal anastomosis are applied [33] .
We identified simultaneous cholecystectomy during LADG as an independent risk factor of severe postoperative complications, including intraabdominal bleeding, intraabdominal fluid collection, and duodenal stump disruption, although these complications are not necessarily directly related to the cholecystectomy procedure. Operation time for the patients with simultaneous cholecystectomy (273 ± 80 min) was 62 min longer than that for the patients who did not undergo that procedure (211 ± 53 min, P = 0.003), and the difference was much greater than empirically expected. In our previous study of LADG for all ages, simultaneous cholecystectomy was not identified as an independent risk factor of postoperative complications classified as grade III or above [33] . Excessive surgical stress could also be a risk factor of postoperative complications after LADG in the elderly, indicating that prophylactic cholecystectomy during LADG in elderly patients should be avoided.
In conclusion, the incidence of severe complications after LADG in the elderly was quite acceptable considering the risks associated with radical surgery with extensive lymphadenectomy. Preoperative serum concentrations of albumin, Roux-en-Y reconstruction without procedures to prevent complications specific to this method, and simultaneous cholecystectomy are independent risk factors for severe postoperative complications in these patients.
